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PREFACE

This report was prepared by the Grumman Aerospace Corporation under Naval
Air Development Center Contract Number N62269-81-C-0243 entitled "Display/Pro-
cessor Fault Indication System".

The program was based on previous feasibility, development, and flight tests
conducted and reported in the following published documents:

NADC Report No. TR75168-30 Final Engineering Report -
Phase I - HYCOS

NADC Report No. TR76389-30 Hydraulic Diagnostic Monitoring
System (Interim Report)

NADC Report No. TR76390-30 Hydraulic Diagnostic Monitoring
System (Final Report)

This work task explored methods of display fault indications to ground support
personnel and optimized microprocessor circuitry to allow use by any Navy aircraft.

The Display Processor System was designed for universal application to any
Navy aircraft hydraulic system. A change in microprocessor programming com-
pensates for hydraulic system differences and sensor variation requirements.

The sponsoring agency is the Naval Air Systems Command, Washington, D.C.

Mr. Steve Hurst - AIR340C was the Program Manager. Mr. Douglas O. Bagwell
of NADC administered and provided technical guidance for this effort.

Grumman Aerospace Program Manager was Mr. Edwin A. Anderson with

Mr. John J. Duzich and Herman L. Dreksler as Project Engineers.




Section

1

o

NADC 82053-60

CONTENTS

SUMMARY

1.1 Task I .
1.2 Task Il
1.3 Task III

INTRODUCTION . . . . . .. ...

2.1 Diagnostic System Size .

2.2 Fault Indication System Sensors.

2.3 Fault Display Descriptors .

DISCUSSION

3.1 General Considerations . . e e e

3.2 HUDPS Block Diagram Description. . . . . . .

3.3 Flight Executive Flow Diagram. . . . .

3.4 Flow Diagram : Error Subroutine .

3.5 Flow Diagram : Ground Executive Routine .

3.6 Microprocessor Program. . . .

3.7 Analog Multiplexer Schematic . . . . . . . . . .

3.8 Discrete Inputs and Digital Inputs Schematics . .

3.9 Alphanumeric Displays . . . . . . . . . ..
3.9.1 Display Technologies. . . . . . . . ..
3.9.2 Methods of Displaying Alphanumerics . .

3.10 MemoTry. . . v v v v i it e e e e e e e e

3.1 Power Requirements . . . . . . . . .

3.12 Electrical Parts List. . . . . . . . . . . . . ..

3.12.1 8751 : Single-Chip 8-Bit Microcomputer.

3.12.2 HDSP : 5 x 7 Dot Matrix Alphanumeric
Display System , e e e e e e e
3.12.3 ADCO0816 : Single-Chip Data Acquisition
System . . . . . . . ...

3-13
3-17
3-17
3-19
3-22
3-25
3-27
3-28
3-28

3-31

3-31

JURNEIC NFAEY . SIS,




PRSIy

Section

NADC 82053-60

CONTENTS (Cont)

2764: 8K X 8 Ultraviolet Erasable PROM.
2708, 2716, 2732: Ultraviolet EPROM
X2201-30: 1024 X 1 Nonvolatile Static RAM
ADS37: Voitage-to-Frequency Converter
54LS151: Data Selector/Multiplexer .

54LS251: Tri-State Data Selector/
Multiplexer . e e e e e e

W W W L W W
. .
—
N

. . . . . .

W 0 3 O W e

CONCLUSIONS AND RECOMMENDATIONS.

4.1 Conclusions .
4.2 Recommendations
REFERENCES

Page

3-31
3-34
3-34
3-34
3-37

3-37

4-1
4-1




3-10
3-11
3-12
3-13
3-14
3-15
3-16
3-17
3-18
3-19
3-20
3-21

NADC 82053-60

ILLUSTRATIONS

F~-14A Hydraulic System .

Flight Power System .

Combined Power System . . . . .
A-6A Hydraulic Schematic .

HUDPS Block Diagram .

Flight "Executive" Flow Diagram .

Executive Program Flow Diagram (Ground) .
Sample Program .

Analog Multiplexer for 64 Analog Inputs

Analog Multiplexer for 48 Additional Inputs.
Multiplexer Schematic for 64 Discrete or Digital Inputs
55X 7Dot Matrix. . . . . . . . ..

Typical 128-Character Font

Line Segments. . . . . . . « « « « « o « « .
14-Line Segment Font

16-Line Segment Font .

Skewed 16-Segment Display . . . . . . . . . . .

Intel 8751 Data Sheet . . . . . . . . . .
Hewlett-Packard 5 X 7 Dot Display System . . . . .
Single Chip Data Acquisition System . . . . . . .,
Single Chip Data Acquisition System . . . . . .
Non-volatile Static RAM Data Sheet. . . . . . .

Voltage-to-Frequency Converter Data Sheet.
Data Selector/Multiplexer Data Sheet . . . . .

Tri-State Data Selector/Multiplexer. . . . . .

Page

2-3
2-4
2-5

2-6

3-3

3-6

3-8

3-10
3-14
3-15
3-18
3-22
3-23
3-23
3-24
3-24
3-25
3-30
3-32
3-33
3-35
3-36
3-38
3-39
3-40

P




NADC 82053-60

TABLES

Display Processor Fault Indication System Sensors .

Fault Display Descriptors .

Hexadecimal Numbers .

Alphanumeric Display Sources.

Currents Versus Parts . . . . . . . . . ..
Electrical Parts List.




P,

NADC 82053-60

1 - SUMMARY

1.1 TASK I

The Task I effort established the maximum number of analog and digital sensors
required for a comprehensive, complex diagnostic system for the F-14A aircraft as 150.
The system, however, could handle up to 240 inputs. In addition, the A-6E INTRUDER
system was used as a comparative aircraft for universal application.

Block diagrams of both the F-14A and A-6E were studied and are included in
the report.

A brief description and listing of the display/processor fault indication system
sensors was tabulated based on the F-14A vehicle. Supplementary display and action
descriptors were generated to define and direct the course of action required as
diagnosed by the system.

1.2 TASK II

Fault display methods for ground support personnel were investigated during
Phase II with emphasis on smart alphanumeric devices. Electronies which convert
ASCII data to alphanumerics was selected.

Both volatile and nonvolatile memory components are utilized in conjunction with
the Intel 8751 microprocessor and the Intel 2764 and 2716 EPROMS. In addition,
analog-to-digital conversions utilize a National Semiconductor ADC 0816 data acquisition
chip consisting of a 1§-input multiplexer, an 8-bit A/D converter, and an 8-bit tri-
state buffered output.

Power and voltage requirements were investigated. Power consumption for a
complete system is estimated at 5 W using a DC-to-DC converter for 28- to 5-volt

conversion while the vehicle is airborne.

e o oz
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On the ground, 15 W is required during interrogation due to the display

requirements.

The estimated display envelope is 8§ x 7 x § in. and contains 30 ICs mounted on
six circuit boards.
1.3 TASK III

In Task IIl, a universal hydraulic advanced display processor system was
formulated for application to any aircraft hydraulic system. Input signals such as
discrete voltages, analog voltage levels, and variable-frequency pulse trains are
sampled, compared to a known valve, and stored in a nonvolatile memory. Different
signal types are fed into separate multiplexers whose outputs are controlled by the
microprocessor.

A typical block diagram and several flow diagrams were formulated. A sample
program was then generated. Multiplexer schematics for both analog and discrete
inputs were established.

Six different types of display technologies were investigated utilizing infor-
mation from 54 manufacturers. An electrical component parts list was generated for

a typical system. A detailed description of the recommended elements is included in

this report.
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2 - INTRODUCTION

The purpose of this Hydraulic Universal Display Processor System (HUDPS)
study was to explore methods of display fault indications to ground support personnel
for various aircraft hydraulic systems.

The study display/processor system covered a universal system capable of
interfacing with any Navy aircraft hydraulic system by a change in software/micro-
processor programming.

A systems approach was used for this study.

2.1 DIAGNOSTIC SYSTEM SIZE

In determining the largest, most compliex processor required, Grumman
Aerospace has selected the F-14 Tomcat because of its sophisticated multiple hydraulic
systems. A hydraulic block diagram, Fig. 2-1, depicts the many subsvstems used on
the aircraft (Ref. 1). In addition, Fig 2-2 and 2-3 show details of the flight and
combined power systems. For comparison, Fig. 2-4 illustrates the simplified Grumman
A-6A hydraulic schematic.

The maximum number of sensors that might be used in an F14A hydraulic system
is approximately 150 and are listed in Table 2-1. To a great extent, many of these
sensors may be combined and optimized due to system requirements. The sensors
used in the system are:

e Discrete (manually resettable)

e Reliable

e Self-checking (where possible)

e Analog

e Digital

e Non-intrusive (malfunction does not affect system operation).
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For display purposes, a terminology list and action descriptors are listed in
Table 2-2. This list does not include such items as corrective action and possible
replacement part numbers.
2.2 FAULT INDICATION SYSTEM SENSORS y
The hydraulic subsystem and major components dictate the maximum number of |
potential sensors required for an F-14 hydraulic system. The sensors would
preferably be digital in nature. However, the universal system could handle
analog and discrete inputs as well.
2.3 FAULT DISPLAY DESCRIPTORS
A study was performed to define the various component designations used
throughout the vehicle with the resulting abbreviated display callout. This listing
is presented in Table 2-2.
In conjunction with this listing, another tabulation defines the nature or
severity of the problem based on sensor inputs. As a result of the combined lists,
the:
e Nature
e Effect
e Location

e Remedial Action

would be sequentially displayed on the viewing panel.




NADC 82053-60

wesAg ounespAy vpl-4 1-C B84

[w3niavis nu )

> ——.F

R ]

HOoLvaidy

HOLYN1idY

$IAANY HT

P~ - Mo - TR ST s T e T =
t o 1114%209)
_ﬂ ISVITIY HIIN
1 21N00ON 4N09
o I0HINGD 114
440 105 |
ﬁ - IATIVYA
0AW3S LNOT R
I 1417 123410 * -
——m—mm T ST I q T B s
NOULITNNOD _
© INIONT EHOIY . INIONS 1437
M 1531 ONNOUD * ] M f X h
- o i} T L - e e T {f ——=% oy
11HD113) [n3D N3Y 103INIBWOD)
annd ! ! dnnd
’ . X e T
I _zu:;a = S
431104S AW = Lo y
% QNI LHOY \ | SS Y4 _ . T ,w ) ~ zwm.“nw _
. LIz = R et === :
¥3IN0Ss + "F (W ) - 53(:«..13L ' : EEaRA)
BNI LHOI T 4 - - »SiA\ = Gttt VANX
BN kol ¢ i | .- - [ sranivw '} k~. - ] mWMI
[ e i || SRy peve eyt
;
T ] | Y (ONNOYS [ L] " ey oNNoYS
' 154 DB HILIMS 35081
A [l -Shdaiuady Sk
% .— 1 € Nd &
¥ 4, [ Saooez
¥3NO4S QW () A i .
Q8LNO LHDIY N m| covene 0T
“T¥Ivos - == T == gMS DNM )
e — INM p= —_—
~‘aa‘~...\_m 1HOtY (3¢ L _Juoton -— f
INIDNI LHOIY v INCONY 427

‘ P - e S—
tLoatd onm E INVA 37070 | ANNA 1IN Wilsas
3 H HY 3INAOW UMY IAIHA NND INVA IADTD HY
— e T T LSAS HIUOLS Ty bl
IATYA (€ - - - ompiv4e | auvosLno HAOV OAMIS ﬁ ONtHIvY
Alwoing | A4 ﬁ DNIMBING HY B YOOO UiV Wy | DNIMUIAOHY |
N R R LY 1YY L0 o —.Jm
i YV3D ONIGNYT J T T TTeex
1INO HIISNY YL R Y repls o Erapees
WIMOJ 318ISH3IAIM wis f{wia) 311108 Wiv [ sanvum 133m ) _ INIVA ﬂ
ADINIDYING

A -

SAS 311208 WiV ¥INI T ST
SAS dWNd ONvH It~ T

SAS MM W3 NOGS (T 1.1 1 1)

SAS M4 WADS oI
SAS OAH QINISNO) Smm—
SAS QAH 1HDI 14 7= = = = -

GNINTT R STO0AMAS

Uy 19 ONIONY Y

NHNLIY SAS
QINIBWOD
LOLERAIE]

{ woave

atoo-6voz-1ey

HOLOW DV
_633dsy 1

W3 1104S I
asw 1431 |

e ey

wa.Qsm
a8anNt 1431 t”

T T avg
XAV 1431

ﬂuu.oam Q-!
agLno L4311

HINOSS
081No0 1437

~aoxv Jf - [ )

iu.»-lf\lt‘ o.»«._cm.
ﬁxo._q._:::uuc. L IYWHON _

. 3Invew | Jrﬁln.\

T T

dNNd ONYH A ==
. oNW3S INYASS
133HM ISON ' 39044 134 3¥
( 3dous 130430 )= b
ber " " [ {2 Sl § AR ¢ Shanbiile ¢ S i:;»!ﬁ_\__

2-3




TO OVERWINC FAIRING

- e - - - - a
' MAIN RETURN =~
r - - - - - - - - - - - T
- - - - - - - - - e
' BLEED & RELIEF VALVE
A51H9048 I - - - - - - e
¢ ® )
FILLER VALVE .
MS28889.1
OIR PRESS. GAGE
RVO!
Z;:f, e | CHECK VALVE  QUICK DISCONNECT A51H2029

A51A 30058

\
N ® QUICK DISCONNECT
rrsrram GC550GG12
i D H@- £ F (6 ]
S
\
— F' P
\ ' OVERBOARD Y HeER N MANIFOLD |p
DIFFUSER TEE 1€
A51H30560 " CHK VA
\ AS1HO2
§ s s 16) 7 # 7 7 Sy /7 o P4 P
} e S S v 0 Py AR v v oA 7 AT v v v AR S S v P, Ll ) FF ¢
s CHECK VALVE "H -] F_L s Oa
'8
A A51H9070 \";f . CHECK VALVE A51H9220
@ -0 eww—— d';e: P ELd
L QUICK DISCONNECT
\ A51HO055 [ASSY)
QUICK DISCONNECT
A51H9055 (ASSY) (3?
o PUMP ASSY
[ E;Em‘ ENGINE
! DRIVEN
COOLER -
S A51P9032 REF. | OUT ) ! AS1H9008
i -
AIR FLOW ——»: l—--—“ ®
...
QUICK DISCONNECT A51H9056 :ASSY) *
QUICK DISCONNECT AS1H9057 .ASSY) POWER TRANSFER A
UNIT ASTH8009 . L TOCOMBINE|
= w» a8 RETURN P SYS
#orssa SUCTION FILTER ASSY
———— PNEUMATIC A51H9218
OVERBOARD DRAIN
smssmmn PRESSURE SEAL DRAIN
OVERBOARD
o |
SYSTEM PRESS. —G*

R81-2049-0020




T YT g e

NADC 82085 o6

lV%
- - - _®- -y - —:® -
AIN RETURN; !
- - ~um - - . - - 1€
- - X ] - - - 1 ' (]
‘_ MANIFOLD ACCONU.
@ A51H9219 A q 8) §
t -
] PRESS CAGE - -
ECT AS1H9029 : @)
P10, P4 P9 P11 P3 ’ »
QUICK DISCONNECT e §
GC550GG 12 PRESS. P8
WSW'TCH FILTER MODULE
A51H9092 A51H9046 O, "
NIFOLD |p 1 1.3 !
%;L P1
O FLOW REG.
CHK VALVE
A51
AS1H8206 51H9085 (6
{ ]
Ay PN S .
J{s\_ J
NG
ECK VALVE AS1H9220

A\l L Ll

CHECK VALVE
AS51H9206

—— P1
L )
[ _

PRESS.

O
1 XMTR

PRESS. MODULE
AS51H9020

TO COMBINED ct

_

| % SEAL DRAIN
OVERBOARD

{ SYSTEM PRESS

l;“*

FLOW REG A51H9079

Fig. 2-2 Flight Power System

l*.D
£



CHECK VALVE
AL 9067

MAIN RETURN
- GRS W AN

BRAKE CASE DRAIN '
- w e o s & a— - — o —— — = m—— = = | - 5 a—— = —— .

X
m
-
C
)
Z
-ﬁ

BLEED & RELIEF VALVE

SHUTTLE VALVE

ACCUMUY.
LATOR
A51H9043

PRESS GAGE

g A51H9029
RESERVOIR ASSY “ :;t.}TER u;ODULE
A51430059 s P1 H904

s PRESS SWITCH

A51H9092

FILLER VALVE
§ Mszss89

@ DiFFUSER TEE - —
AB1H30560 - !
L\.-_--®-_-—I L4 '-—--_-
vt \ B S S S  ARRERYS /O AR S SRS, _ BB | Wy s/ SRS r 18,
CHECK VALVE
A51H9070 “
w 4 4

CHECK VALVE

s
A51HI206 !
ol |

QUICK DISCONNECT
A51H9065 'ASSY)

PUMP ASSY -ENGINE
DRIVEN A51H9008

A51P9032 (REF) ?
ouT
AlR FLOW —

J—--..b

=.
%

CASE DRAIN

r.—-—-—-q

QUICK DISCONNECT SEAL DRAIN l . i

AS TH9057 (ASSY) OVERBOARD

SRR  PRESSURE OUICK DISCONNECT
A51H2056 (ASSY) ‘

————=  PNEUMATIC

rwwe

OVERBOARD DRAIN
SymwR RETURN
ss. SUCTION -ee
IXIEKIE FLEX HOSE

POWER TRANSFER
A5 149009

R81-2049-003D




= p——

sHuTTLE vaLvE B HAND PUMP PRESSURE

CHECK VALVE
A51H9026

PRESS. XMTR
A5T1A9014 REF

(s & ST & N B S B A 5 SRS B DS § S S

P e e e e e e e

SYS PRESS.

o

CHECK VALVE

PRESS. MODULE
A51H9021

FLOW REG
A5 1H9079

r.—-—-—-q

e s 0 e i s o s o —

c2

TO OVERWING FAIRING

SEAL DRAIN !*m
OVERBOARD

FILTER
ASSY
AS51H9218

SYS PRESS.
PRESS. NORM. ISO

Fig. 2-3 Combined Power System




NOOH "1S3IHHY

SLVS

HVY3IO ONIONYT

E
i
&F
i

NADC 82053-60
.

{ 4n g04 zozw_:‘..LOI,

sneweyss ayneipAy vo-y ¥ Bi3

IUNSSIAHD SAS LHOITS

av00 6v02-18Y

14IHS
xnv

OAN3S
IvH3ILYY

!

dWNd|
A3INIBWOD

INIONI

+ aNVH 1431

am

dNNd
LHOITS

—ZOCW..(..I _ —VGNN.A_B‘:.wa

| w3canu |

! !

——]

SAS
4NOve

dnNd
1HOITd

HI4WVa ¥IILS

NI07T LNYLS

SInvue

AdONVI

AHIAOI3IY NIdS

44 g33ds
dil ONIM

- anap an w > - g
]
[}

il

IHNSSIHd SAS AINIGWOD

4a "diND3 |YIv

INVHE XNV

Y

INIONT

* ANVH LHOIY

JdNNd
INISWNO

dWNd ONYH

annd
xXnv

2-6




NADC 82053-60

Q(2/11500-6v02-18Y
INIWIOVILSIAO TVILNIHIAAIG @
MO14 o
MO 14 INIFISIIND MOT4 IN3DSIIND o HO10OW
IHNLVYHIANIL
FHNSSIHL IVIINIHIANG @ MO1d o
IHNSSIHG » SJdv JUNLVHIIWIL o
IUNSSIHd TVILNIYISSJIg o
MO14 o IHNSSIHd » YA TOHLINOD L4ITIH
IUNLYYIJWNGL o
IHNSSIHG IVIINIHIA IO o MOT4 o
JHNSSIHY ® SHINO0JS QaNIOIN JHMNLVHIINIAL
FHNSSIHD TVIINIYIISIQ o
JHNLSION o IHNSS3IHd o HOLVHINID AONIOHIWI
MOT4 o
JOHVHI3IHA @ IN3IWIDVIASIO TVIINIYI4A4IO e
JHNLIVHIJNIL o MO o
IHNSSIHG TVILINIHIASI0 @ FJHNLIVHIdWIL o
JHNSSIHG dv 14 XNv JHUNSSIHD IVIINIHISINQ e
JHNSS3Ud o SOy
JONVYHYIT) INVHE o
IFHNLSION o LIN3IW3IDVI4SIO TVILNIYI 441 e
MO14 o MO14 o
JOHVYHIIYUd e JUNLIYHIANIL o
JHNLYHIIWIL IUNSSIAHI TVILNIYIISIQ o
IHNSSIHD TVIINIYISSIQ o 3IYNSSIYI * INVA IAO0TO
IHNSSIHd *
ALINNILNQD o INVYHA 1IIHM MO1d o
LNIWIDVY I4SIA TVILINIHILIIg e JUNLVYHIINIL o
MOT4 o IHNSSIHL TYILNIYHISAIQ o
IHNLVYHIINIL o IHNSSIUd » ONIHITFLS T3IHM ISON
IHYNSSIHD TVILNIHIISIG
JHNSS3IHd o dIIMS ONIM MOT4 @
IHNSSIH TYILNIHIAIIQ e
MOT4 o JUNSSIHd o 1HO8VY HvY3D ISON
JHNLYHIINIL o
IJHUNSSIYD TVIINIHIIIIg o MOTd o
JHNSSIHUI SH3TI0dS G81N0/A8LNOAIW IHNLYHIINIL o
FHNSSIHd TVILNIHIHAINGg e
LINIWIIVILSIO o IUNSSIHd o INIHA NND
TIA3T o
MO o MOTd o
JHNLIVHIIWNIL e IYNLVYHIJNIL o
FHNSSTIHC TVILINIHIIAIO o IHUNSSIHG TVIINIHISSIQ o
JHNSSIHY o IINAOW HITNOJS JHNSSIYd 380Hd 13N43Y
SHOSN3S WILSAS SHOSN3S W3ILSAS
(Z 40 L 1L3IHS) SHOSN3IS WILSAS NOILVIIGNT LTNVI HOSSIIOUd AVIdSIA t-Z 318Vl

2-1




NADC 82053-60

Qlz/2)500-6v02-188

JlvH e
RELY-RER IHNIVHIJWNIL @
3HNSSIUd @ IHNSSIHL @
FJHNLVHIAWIL @ MO1d e
Hiv o SHIOAHIS3IH ISvD e LINN HI4SNVYHL HIMOJ
MOTd o MO1d o
IHNLYHIdNIL @ JHNLVYHIdNIL e
IHNSSIHS TYIINIYISIa e IHNSSIHd o ONIHIVE ONIMHIAO
IHNSSIHI @ SHIL S
MO14 o
INDHOL e JHNLVYHIIWIYL o
Wdd e IHNSSIHG TIVIINIHIIIIO e
MO 14 INIDSIIND @ JYUNSSIHD ® HY3O ONIONVY ISON
FHNSSIHD o
IHNLVYHIMWIL @ IATIVA HINIL
MO14 e dWNd 2071 Hooa
MO @ ayvoaino
SHOLVNLOVY dWVH JUNLVYHIINIL auvO8NI|
JUNSSIHY TVILINIYIIHO o ‘10v H00Q -
amnoil e IYNSSIHS © (9) HvIO ONIANVI NIVW
AHNLVYHIdWNIL o
JHNSSIHD * HY3IO ONIONVY 1 IN3W3OVIdSIO
REDLY R
oInoI1 e MOTd o
FHNLYHIANIL JHNLIVHIJWNIL e
JHNSSIHA @ AdONVYD JUNSSIHI TVIINIYIIIG e
$371108 JHLVYINN3ING JHUNSSIHD weo4
INIWIOVI4SIQ ® ANIWIDVIASIT TYILNIHISLIQ @
IBNIVHIINIL @ MOTd o
IOHYHIIHG e (Z) SONIHIVS ONIM HIAO - MOT4 INJISIIND @
IHNLYHIdNIL o
IN3IW3IOVIISIO @ JHUNSSIHD TIVIINIHIISIO o
JHNLVHIINIL @ JHNSSIYL H3Z1118V1S/H300NY
IOHVYHIIHd o awod
MOT4 o
AN3IWNIDVYILSIO @ FHNLVYHI4INTL e
JYNLIVYHIdWNIL e JHUNSSIYD TIVIINIHISIIQ
FOHVYHIIHL e 174 IYNSSIUS © MOOH DONI11S3IHHY
INIWIIVI4SIO e MO4 o
AHNLVYHIJNIL © JYNLVYHIINIL o
SIDHYHIIHL INvHE IHNSSIHUL TVIINIHISIIQ
SHOLVYINWNIOV IHUNSSIYY *© INVYHE 03345
SHOSNIS WILSAS HOSN3S WILSAS

{2 40 T 133HS) SHOSNIS WILSAS NOILLVIIAN! LNV 4 HOSSIO0Hd AVdSIO

-2 318vL

2-8

W



NADC 82053-60

TABLE 2-2 FAULT DISP!. AY DESCRIPTORS

TEAMINOLOGY DISPLAY TERMINOLOGY DISPLAY
FLIGHT SYSTEM FLT SYS 8RAKE BRAKE
COMBINED SYS COMS SYS TEMP TEMP
PAD WEAR DISC PADS
FILTER FILTER FLUID LEVEL LEVEL
(FLIGHT, COMB, PRESSURE, ACCUM PRESS ACCUM PRESSURE
RETURN, CASE)
DIFFERENTIAL PRESSURE DELTAP
FLOW MOISTURE WATER
TEMP
ISOLATION VALVE I1SO VALVE ELAPSED TIME ELT
FLIGHT DURATION FLT DUR
PUMP PUMP
CASE FLOW CASE FLO TAIL HOOK DASH POT TAIL HOOK
QUIESCENT FLOW QUIES FLO PRESSURE PRESSURE
TEMP TEMP
RESERVOIR RESERVOIR
LEVEL LEVEL RUDDER ACTUATOR RUDDER
AIR AIR QUIESCENT FLOW QUIES FLO
PRESSURE PRESSURE
LEAKAGE LEAK STABILIZER ACTUATOR| STAB
QUIESCENT FLOW QUIES FLO
ACCUMULATOR ACCUMULATOR
DISPLACEMENT DISPLACEMENT TRANSFER PUMP TRANS PUMP
PRESSURE PRESSURE FLOW FLOW
TEMPERATURE TEMPERATURE TEMPERATURE TEMPERATURE
PNEUMATIC BOTTLE PNEU BOTTLE SPOILER PACKAGE SPOILER
PRESSURE PRESSURE 3¢ WINDINGS PRESSURE
TEMPERATURE TEMPERATURE {PHASE OPERATION TEMPERATURE
CANOPY CANOPY PHASE
GEAR GEAR OPEN CIRCUIT
DOOR DOOR CAVITATION CAVITATION
AELIEF VALVE RELIEF VALVE ACTION DESCRIPTORS
LEAKAGE LEAK
REPLACE OVERHEAT
SYSTEM SYSTEM SERVICE OVERTEMPERATURE
PRESSURE PRESSURE FILTER CLOGGED
TEMPERATURE TEMPERATURE HIGH SENSOR DEFECTIVE
Low MAINTENANCE REQUIRED
FLIGHT CONTROL BACKUP FCBM SYSTEMS GO
TEMPERATURE TEMPERATURE INDICATOR IMPENDING FAILURE
LEVEL LEVEL INOPERATIVE EMERGENCY CONDITIONS
PUMP WEAR
SHOCK STRUTS SHOCK STRUTS ADJUST FLUID CONTAMINATED
PRESSURE PRESS ALIGN PUMP INOPERATIVE
LEVEL LEVEL SECURE PUMP 1SOLATED
DISPLACEMENT DISPLACEMENT SYS A ISOLATED
LEAKAGE

R81-2049-0060
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3 - DISCUSSION

3.1 GENERAL CONSIDERATIONS

Methods of display fault indication for ground support personnel have been
investigated with emphasis on "smart" alphanumeric devices. The "smart" portion of
the display contains the electronics that converts ASCII data to alphanumerics, re-
freshes the display so that it is flicker-free, and has the knowledge of where to put
each character in the display. These "smarts" should be purchased from the display
manufacturer with the display itself using their existing pre-programmed micro-
computer circuitry, as it is reasonably priced and requires no additional design. A
recommended example is the Hewlett-Packard HDSP-2471 used in conjunction with
their HSDP-2432, which is a 32-character alphanumeric display panel using LEDs
organized in a 5x7 dot matrix.

The overall electronic system including the display, microprocessor, support
circuits, and analog/digital requirements have been studied and an electronic system
is proposed that is adaptable to any Navy aircraft by using removable firmware
program modules. Memory requirements, both volatile and nonvolatile, have been
included to ensure handling the most complex system. The recommended micro-
processor for system control is the Intel 8751 operating with Intel 2764 and 2716
Eraseable Programmable Read Only Memories (EPROMs). Analog-to-digital (A/D)
conversion is done under microprocessor control using National Semiconductor ADC
0816 data acquisition chips that consist of a 16-input multiplexer, an 8-bit A/D
converter, and an 8-bit tri-state output. Inputting digital data is done using TTL
multiplexer ICs with an eventual tri-state output. The tri-state output allows many
data outputs to be tied to a common data bus without loading. A system block

diagram with a description of operation is included in this report.
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Power and voltage requirements have been kept to a minimum. The power esti-
mate for the complete system will be approximately 5 W using a DC-to-DC converter to
change the aircraft 28 V to 5 V while the box is airborne, and 15 W using a 5-V at
5-A DC power supply while the unit is being interrogated on the ground.

A parts list listing the number of parts and the box size is included. The estimate
is for 30 ICs mounted on six circuit boards plugged into a box that measures 8 x 7 x 6 in.

Flow diagrams for airborne and ground-based operations have been generated.
A typical microprocessor program for a very basic system has been generated and is
also included. Typical schematics of the multiplexing schemes for analog and digital
inputs are shown and described.

A study of display technologies and methods of character generation has been
completed with the results presented.

3.2 HUDPS BLOCK DIAGRAM DESCRIPTION

The Hydraulic Universal Display Processor System (HUDPS) is a displgy/
processor system designed for universal application to any aircraft hydraulic system.
Hydraulic signals in the form of discrete voltages, analog voltage levels, and variable-
frequency pulse trains are sampled, compared to a known value, and stored in a non-
volatile memory as a "1" for a failure or a "0" for no failure. There is also a provision
for driving outputs to help overcome failures (control function).

Figure 3-1 shows the HUDPS block diagram. Each of the different types of signal
are fed into separate multiplexers whose outputs are controlled by the microprocessor
(MP).

Discrete inputs are digital-level signals and require no signal processing.
Analog signals are converted to digital equivalents with the MP controlling the analog-

to-digital (A/D) converter. The variable-frequency pulses are outputs of a voltage-

to-frequency (V/F) converter which are fed into a counter for a unit time: the
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result is that an initial analog voltage has now been converted to its digital
equivalent.

The MP addresses each of the multiplexers and selects one signal to be operated
on at a time. For the discretes, the MP steps through the individual signals one at a
time and enables the discrete multiplexer to feed the data bus. The MP inputs the
data from the bus and operates on it.

For the V/F inputs the VP selects one input, clears a counter, enables the
digital data to load the counter for a predetermined unit time, and then inhibits
further data from entering the counter. The data is then loaded onto the data bus
and acquired by and operated on by the MP.

One analog data channel at a time is MP selected and directed through the
multiplexer into the A/D converter which starts conversion when commanded to by the
MP; upon completion, the A/D converter sends out an end of conversion (EQC)
signal. The data is then available to the data bus and is acquired by and operated on
by the MP.

Failure information is stored in the nonvolatile RAM (NOVRAM). The MP
determines whether the NOVRAM reads or writes data and to or from what address.
Data is transferred between the MP and the NOVRAM across the data bus.

If an in-flight failure occurs that can be corrected by electronic action, the
MP controls drivers that accept information from the data bus to perform the
corrective action(s). The corrective action(s) are preprogrammed in the PROM, which
is a 28-pin integrated circuit (0.6 in. wide by 1.4 in. long) that can be removed from
its socket and x;eplaced by one with a different program for different corrective
actions (such as for different aircraft types).

For display circuitry operation, the MP sequences throught the NOVRAM
memory looking for failures. A failure indication and its particular address signals

the MP where to go in the data PROM to acquire data associated with that failure. The
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MP feeds the data to be displayed to the Display Control circuitry. The latter is a
"smart” system that decodes ASCII data, positions the data on the readout, refreshes
the data to avoid flicker, and holds the data until told to change. The display is
comprised of alphanumeric characters. .
3.3 FLIGHT EXECUTIVE FLOW DIAGRAM '
The flight executive tflow diagram is shown in Fig. 3-2. During this routine,
each data line is sampled one at a time. Discretes are checked for either a "1” or
"0", analog data is converted to digital and either compared to a preset value or
stored if it is required for a later calculation. Digital data (from V/F converters) is
counted for a unit time and compared to a preset value, or stored if it is required
for calculations. After all inputs have been sampled, the data stored in memory for
calculations are acted on. Errors are stored in the NOVRAM RAM. At the end of !
the flight the RAM data is transferred to the NOVRAM EEPROM. ’
The flow diagram description is as follows: I!
e Power is applied
e The unit waits until the weight on wheels switch is off, showing that the
aircraft is airborne
e All internal registers, counters, memories, and control circuits are
initialized

e The discrete data is sampled (Fig. 3~2, (7)) 3

e The error subroutine is called (see error subroutine)

o The multiplexer is incremented to sample the next data input

e If more discrete data must be sampled, the program is returned to (7)
above and the loop repeated. The loop from (7) is repeated until all of
the discretes have been checked

o The analog data is sampled (Fig. 3-2, (2))

¢ A/D conversion is performed
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6 ERROR SUBROUTINE
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STORE N MP
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ROM IN NOVRAM VALUE
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THERE NO
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?
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} DIGITAL DATA
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LAST DIGITAL

DATA
INPUT
?

LT[

RETURN

YES

GET STORED
DATA FROM
MEMORY

PERFORM
- CALCULATIONS
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Fig. 3-2 Flight "Executive’’ Flow Diagram

. 3-6




NADC 82053-60

3.4 FLOW DIAGRAM: ERROR SUBROUTINE

The error subroutine included in Fig. 3-2 checks that the data is correct. If
there is an error, a "1" is written into the NOVRAM RAM at a known address (for no
error, a "0" is written). After writing, the program returns to the Executive

Routine.

e If the data is not required for a later calculation, the error subroutine is
called. If it is required for a later calculation, the data is stored in the
microprocessor RAM for later use

e The analog multiplexer is incremented

e The loop from (2) above is repeated until all of the analog channels of data
have been sampled

e A digital data channel is fed into a counter for a unit time. This data is
derived from a voltage-to-frequency (V/F) converter (Fig 3-2, (5))

e If the data is not required for a later calculation, the error subroutine is
called. Otherwise, the data is stored in the microprocessor RAM for later
use

e The digital data multiplexer is incremented

e The loop from (5) above is repeated until all of the V/F channels have
been sampled

e The data required for calculations are called from the RAM memory

e Calculations are performed

@ The error subroutine is called

e Calculations continue until completed

e When this routine is completed, data are transferred from the RAM to the

EEPROM in the NOVRAM.

U, PO O
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GROUND EXECUTIVE ROUTINE

The executive flow diagram for the aircraft on the ground is shown in Fig. 3-3.

This routine includes a self-test, an examination of the error memory for failures

that have occurred in flight, and error results and actions to be taken using the

alphanumeric display. The operation follows:

START

INITIALIZE
SYSTEM

:

START
SELF TEST
ROUTINE

YES

NO

IS

THERE

AN ERROR
?

DISPLAY WAIT FOR
PERTINENT RESTART
INFORMATION COMMAND

| N

INDICATE
SYSTEM
FAILURE

|

INDICATE
SELF TEST
oK

STOP

STEP
THROUGH
MEMORY
LOCATIONS FOR
ERRORS

R81-2049-0090

Fig. 3-3 Executive Program Flow Diagram {Ground)
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e Power is applied to the system, an indication of being on the ground (such
as the output of the weight on wheels switch), and a start command (possibly
from a momentary switch) enables the system to start

e All counters, registers, and control states are initialized, and the NOVRAM/
RAM is loaded with the data stored in its EEPROM.

e If self-test fails, a system failure will be indicated and the system will stop.
If the self-test is correct, the display will indicate a self-test OK (Fig. 3-3,
(1)

e Look for an error indication in the NOVRAM and increment the address
counter. If there is an error, the pertinent information about the memory
location is displayed (the type of failure, the location of the failed component,
replacement part number). If there is no error, verify that all memory
locations have been tested. If they haven't, return to item (1) above and
repeat

e If all memory locations have been tested, stop and wait for a restart command.

3.6 MICROPROCESSOR PROGRAM

A simple program using an 8748 microprocessor has been written to interface
with a Hewlett Packard smart display and two switches used to simulate system
failures. The 8748 is the forerunner of the 8751 microprocessor, which is the rec-
ommended unit for ultimate system use. The 8748 has 1K bytes of EPROM, one
timer, 64 bytes of RAM, and three 8-bit I/0 ports.

The program, shown in Fig. 3-4, continuously samples the two switches to
determine if there is a failure. If there is no failure, the words "*ALL SYSTEMS
OPERATIONAL*" is printed out. The sentence is held for approximately 2 sec and
the program again samples the two switches. Two randomly selected three-line

messages were written into the microprocessor PROM to simulate actual conditions.
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Mg VIv? RC TITLE: ‘FDI 14°28/91 PRINT ¢ LP) E
151511 WCS~43AP1~41 MACRD RSSEMBLER, V3.9 PAGE 1
Ol womeet
X BJ LINE UPCE STATEMENT
20 1 RG D '
R 2 P EEC LEFVE © OPEN FOR INTERRUPT
92 @ b NP
%93 4 wP
¥4 9 s w
5 5 EEC #G S
a5 1455 : AL FESET
T i) 2 Y 4, §29H
w9 L4nE 3 AL T t
.l e 9 A 4 WEH . SEND T CONTPOL WRD ‘
G0 145E i CAL T QLICH TPANGFER
WeF 1OFF © w5, SFEH INITIRLIZE P2 RS NPT PORT
B S & AL 92
[ VA 14 NP
oLl e 15 NP
M4 W GE IN %P2
s 00T oy BY EPOTRL CTEST EPPOR INPUTS
T 15 £ N A2
A3 191 13 BY SHPOR2
R W b N A P2
B 1227 n B9 EPFIPL
WL 1465 2 (AL PETET
*F R0 bt AV P2, 40 SET CATR PEGISTER AT LOCATION 28
N 4 LA WP 0 DBTAIN CEFALT DISPLAY
W2 LR = CHL MEI000
G S N ™ EE
27 1469 Bl 2 L PESET
N2 P 3 WY R, 029M
0B 148 b T
0D 1363 i AL 20
ME 1065 i ), PESET
71 694 2 "V RS, $4OH
33 1458 b AL WORD
935 1420 4 AL M52008
W37 1465 s CALL PESET
M5 0peR i MV P2, MM
We 145 i CALL WORD
20 1428 ¥ CRLL 152009
M a7 bt e
941 1465 49 EPRIR2 AL FESET
2047 6839 4 MV RS, 098 PRINT QUT MESSAGE FOR FILTER 92
2045 1458 82 CALL WORD
47 (4R 43 CALL M52009
M9 1465 4 CALL PESET
2048 68RO 43 MOV RS, IRGH
204D 14%8 % TALL WORD
204F 1488 & CALL 152099
951 1465 48 CRLL RESET
2953 88Co 49 MOV R3, $OCOH
S 148 % CALL WORD
57 1480 st CRLL 152008
959 e85 52 ™ BEC
0B FP 3 WORD nOV R7, $20H
o B 54 INCR nv A R3
R81-2049-02%(1/310

Fig. 3-4 Sample Program (Sheet 1 of 3)
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1
131S-17 MCS-48 UP1-41 MACP) RSSEMBLER, 72 9 PRGE 2
QU gt hacYss, |
RLB -1 LINE ZUKCE STRTEMENT 3
S 5 OVP3 4, M !
¥ L4E o CRL T
061 B bh f, k)
<3 DINZ 7 INCR
< *7
<A SEIET Y A N
1 T FLA
£ N TR )
[ AL A WA '
- WL PLRA .
<% *®T
i P WTL 3Us. A
<7 I 4, e
23 0L LA
i3 IN A
"2 WL PLA
1 o o K
- TR
o 3
T4 weza Y 4 e
= AR
5 RTT 5
I ITF P ;
~ P ONT :
T3 R TP TINT
] DINZ P2 #4528
k38 b
3¢ WSS wry 02, ¥
2 CHLL %529
4 534
Rl ] v 07, wFFH
» AL
w °ET
™ 2 41q QLU
A 282929R 5 8 sLL ZYITEMS PERRTIONFLS
A0 S 40
R TTTA5I4
aTH 44080 0n
310 FReSS2
214 S1544%4F
9718 SEdL4i2R
ISP k]
3:20 » URG Z20H
220 TS5 ke B MXOEP CONTPOL SYSTEM FRILURE
3724 44455229
A28 4THFET4
D30 S24F4C20
2220 2595354
A324 45402046
0338 41494CSS
8220 724352028
24 » ORG Z40H
9340 434F4E4 B4 DB CONTROL UNDER PILOT SEAT ON LEFT
2344 S2FAC20 ¢
3348 TE4443 g
R81-2049-025(2/3)0
Fig. 3-4 Sampie Program (Sheet 2 of 3) ’
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[S1S-11 CS~3/1P1—+1 MACRO RSSEMBLER, V2 @ PRGE 3
D W
L 08J LN SUURCE STRTEMENT

240 52295043
930 4465420
2754 52454154
TSR AMFIED
ATST 404T4E54
ATl

2759 S245594L
AT6A 4143459
2753 TT495448
el 2SS4
A770 MES
AT SSI0e73
4303 12072
Lot el 123 )
oss

A2 R43T9
%4 824158
9132 W 4%4I29
AT WML
AT 45520920
A23¢ 1728440
792 4474745
EXCRRT W R 7 ]
L)

A0 R4S
A 54455208
ATAS I04E2045
WIAC JE4T4ME
A7%9 4520434F
2284 40504152
NIBD C4404S4E
VIBL S4CAZR0
L

4309 9292652
A3C4 45594041
309 43452057
AICC 49544329
309 4595045
04 543420
3202 19370632
AAC 242A2920

USER 5YMB0LS

T E]

109
19

102

T 7> DATA  006F  DECR

INR 29

INUT 306E  mS20

ASSEMELY COMPLETE.  NO ERRORS
R81.2049-025(3/310

WG 60H
08 PEPLACE WITH WRA ASSY (323-2-19"

RG Z30M
18 «WORAULIC FILTEP #7 (LOGGED»

PG ZAeM
08 "«FILTER IN ENGINE CUMPRPTMENTS

ORG oM
DB «REPLACE WITH TPE CC-97634s

20
861 £ 814 B2 8817  ERRORL 0827  ERRORZ 0041
0079  MS2000 908A  MSUPd 088  RESET 0063  WORD 08B

Fig. 3-4 Sample Program (Sheet 3 of 3)
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These are shown on Page 2 of Fig. 3~4 starting at Line Number 91 and continuing until
the end of the program on Page 3 (Line Number 102).

For the first type of error the display reads out:

"*RUDDER SWITCH NOT OPERATING*" Holds for 2 sec

"*SWITCH IN LOWER LEVEL*" Holds for 2 sec

"#*SWITCH PART #M8805/99-010*" Holds for 2 sec
The program then samples the next switch. If a failure occurs, its error message is
printed out and the program then returns to the start of the program and repeats.

The program was written in assembly language shown in the column headed
"Source Statement". An assembler translated this language to a hexidecimal code
shown in the column headed "OBJ". The assembler also prints out a location in
PROM of each line of data ("LOC") and a line number for convenience in trouble-

shooting ("LINE").

3.7 ANALOG MULTIPLEXER SCHEMATIC

The schematic diagram of the Analog Multiplexer is presented in Fig. 3-5 and
3-6. This shows a total of 112 analog inputs controlled by one 8-bit port from the
microprocegsor (MP). Note that one of the ADC 0816s is not used, so that we can

disconnect all of these devices from the microprocessor data bus with the input code

AD62 e ADT72 €AD82. This is necessary to prevent lockup of the data bus by the
analog inputs.

The ADC 0816 is a 16-input A/D converter and multiplexer with a tri-state
output that allows the device to be tied to the data bus directly. Four input address
lines (AD12, AD22, AD32, AD42) permit the selection of one of the 16 inputs
through its multiplexer. The ALE input (Address Latch Enable) signal from the MP
locks the address into the device. ADS52 starts the A/D conversion within the
block. After conversion, one combination of the three address bits (AD62, AD72,

and AD82) enables eight outputs of one of the seven ADC0816s to feed the bus data.

3-13
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A typical operating sequence follows. A typical word out of the MP is 8 bits
long and is expressed as a two-digit hexidecimal (H) number (see Table 3-1). The MP
outputs word 9@H through its number 2 port. Address bits AD62, AD72, and ADS82
all being zero disables the outputs from the data bus; AD52 being zero does not

allow the start of an A/D conversion; AD12, AD22, AD32, and AD42 being zero ¢

TABLE 3-1 HEXADECIMAL NUMBERS

DECIMAL NUMBER BINARY EQUIVALENT HEXADECIMAL SYMBOL ;
0 0000 0 !
1 0001 1
2 0010 2
§ 3 0011 3
4 0100 4
5 0101 5
] 0110 8
7 01N 7
8 1000 8
9 1001 9
10 1010 A
1 1011 B
12 1100 c
13 1101 0
14 1110 E
15 1N F
PORT 2 ADDRESS OUTPUT
MORE SIGNIFICANT DIGIT LESS SIGNIFICANT DIGIT
ADDRESS. AD?7 A06 ADS AD4 AQ3 AD? AD1Y ADO
WEIGHT: mss LS8 mMs8 LS8
- - ~
X Y ¥
WORD » X Y H
WHERE H MEANS HEXADECIMAL
X AND Y ARE HEXADECIMAL SYMBC _5.
EXAMPLES: 564 -+ 0101 0110 IBINARY) = 96 (DECIMAL)
R81.2049-0120 FFH = 1111 1111 (BINARY) = 285 (DECIMAL)
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selects multiplexer position 0 on each ADC 0816 (latched into the device by the ALE
signal from the MP).

The MP outputs word 10H through port number 2. This starts the A/D
conversion on all the devices. After conversion is completed, the MP outputs word
number 20H; no change in the address, no start conversion, AD82 = 0, AD72 =0,
AD62 = 1. Device number 1 has its output enabled and its data is loaded onto the

data bus.

The MP inputs the data bus data, operates on it, increments positions 82, 72,

and 62, and outputs the next word 40H, etc., until all the 7 ADC0816s have their
address position '0' read.

The sequence is repeated for multiplexer addresses 1 through 15 (i.e., output
01H, 11H, 21H, input data bus, etc). The program performs 16 A/D conversions in
each of the seven ADC0816 devices for a total of 112 analog inputs.

3.8 DISCRETE INPUTS AND DIGITAL INPUTS SCHEMATICS

The operation of the multiplexer schematic for 64 discrete inputs or 64
digital inputs are shown in Fig. 3-7.

All of the LS151 multiplexers are enabled to accept the same input number by
addresses AD13, AD23, and AD33, but only one of the eight is enabled to the LS251
by addresses AD43, AD53, and AD63. The tri-state output of the LS251 is enabled
by address ADT73.

By using additional identical circuits, the multiplexing capability can be
increased. The digital capacity can be expanded to 8 x 64 digital inputs by MP ’
software.

3.9 ALPHANUMERIC DISPLAYS
A study of alphanumeric displays was made using the following groundrules:
e No CRT displays (large size, glass, high voltage, high power, lots of

peripheral circuitry)
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Fig. 3-7 Multiplexer Schematic for 64 Discrate or Digital Inputs
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e The complete alphabet (eliminates seven and nine segment displays)
e Minimum heat dissipation (very difficult to remove heat from front panels)
¥ e High light output (possible sunlight viewable) 4?
e Rugged (shock and vibration)
e Long Life (avoid replacements)
e Capable of being multiplexed (minimum number of wires).
A listing of the companies contacted and their technology is shown in Table
3-2, Alphanumeric Display Sources.

3.9.1 Display Technologies

The following display technologies have been investigated:

1. Light Emitting Diode (LED). A solid-state device usually made up of GaAsP

(galium arsenic phosphide) or GaP (galium phosphide). Light is emitted
when current passes through the device in the forward direction. LEDs
offer the advantages of low cost, direct drive from bipolar logic levels of
5 V, ruggedness, military temperature range of -55° to +100°C, ease of
multiplexing, and a life in excess of 250,000 hr. Disadvantage are the

high currents required for high brightness and limited color variety (colors

available include red, green, yellow, and orange).

2. Liquid Crystal Displays (LCDs). Consist of a liquid crystal solution sand-

wiched between two glass plates that have segments etched on them. When
the liquid crystals are excited by an electric field their molecules line up
and reflect light. LCD advantages are low power consumption and good
contrast ratio (sunlight viewable). Disadvantages include slow response j
time, not visible in poor or nonexistent lighting conditions, limited tempera- :
ture operation (0°C to 55°C) and fragility (glass). Colors available are

black, silver, amber, blue, gold, and purple.
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TABLE 3-2 ALPHANUMERIC DISPLAY SOURCES

MANUFACTURER

INCANDESCENT

PLASMA
GAS DISCHARGE

LED

LCD

VACUUM
FLUORESCENT

ELECTRO-
LUMINESCENT

AIRMAC TECH. SYSTEMS
AMERICAN ELECTRONIC LABS
AMPEREX

AND

BECKMAN

v

< e

BURRQUGHS
CHEMETRICS
CHERRY
CRYSTALOLID
DAKTRONICS

DALE

DAY-LIGHT

DIALIGHT

DIGITAL COMPONENTS
EAQ SWITCH

<L

ELECTRQ PLASMA
EPSON

ESSCO IND.
FAIRCHILD
FERRANTIC

L

Ll

FUJITSU

GENERAL DIGITAL
GENERAL INSTRUMENT
HAMLIN
HEWLETT-PACKARD

<L

HYCOM
INFO-LITE

IEE

INTER MARKET
KOLLSMAN

L&

L&

LADCOR

LIQUID XTAL DISPLAYS
LITRONIX

MASTER SPECIALTIES

XS

<L

NATIONAL ELECTRONICS
NATIONAL SEMICONDUCTOR
NEC

NORDEN

<

<\

NORITAKE

OPCOCA

PAN AMERICAN TRADE DEV.
PORTESCUP AVIONICS

L4

Ll

REFAC ELECTRONICS
SEIKO

SHELLY

TEC

LR I KN

L «

TI
XCITRON
WAGNER
WAMCO

R81-2049-0120

<<

<L
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Incandescent Displays. These are the oldest readouts and emit light by

heating a filament to incandescence. Incandescents are directly viewed

filament displays and can operate from 5-V levels. Operating temperature

is -55°C to +100°C, adding filters makes additional colors available, and
their lifetime is 60,000 to 100,000 hr (greatly affected by the temperature
of the filament, which is a function of the operating voltage). Problems
include high power drain and, because they are vacuum tubes, breakage.

Vacuum Flourescent Displays. Consist of a triode vacuum tube having a

filament, a control grid, and a segmented anode coated with a flourescent
phosphur. With a positive anode voltage, the phosphur glows when the
grid goes positive and turns off when the grid becomes negative. A

major advantage is their blue-green light output, which peaks near the
center of the eye's spectral response and is less fatiguing than red or
red-orange displays. Additional advantages are low power dissipation and
a temperature range of -55°C to 100°C. Disadvantages are the continuous -
filament power drain, a life under 20,000 hr, and susceptibility to damage
from shock.

Plasma Gas-Discharge Displays. Employ a helium-neon mixture that

becomes ionized and glows in response to an applied DC voltage. "Nixie"
tubes were the first of the gas discharge type devices to reach the

display market. They draw low currents and have a life of about 150,000
hr; but they require high voltages for breakdown (170 to 200 V), tempera-
ture range is -20°C to +70°C, and they are glass and therefore subject to
shock and vibration. Display is an orange color.

AC Thin-Film Electro-Luminescent (TFEL) Displays. Electro-luminescent

powders are deposited on a thin-film substrate. This is a new technology

with expectations of good temperature range (-55°C to +125°C), low
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power, high brightness and luminous efficiency, and the ability to
withstand shock and high altitudes. TFEL display development is being

“ supported by the Army. Colors are yellow/orange and amber. They will
be investigated further.

3.9.2 }Methods of Displaying Alphanumerics

\ 1. 5x7 Dot Matrix. Each character is composed of five columns of seven rows

of dots (see Fig. 3-8). A typical font for a 128-character ASCII set is
shown in Fig. 3-9. Note that upper and lower case alphabets are
available, as are many special symbols.

2. 14-Line and 16-Line Segments. Each character is made up line segments

as shown in Fig. 3-10. The difference between the 14- and 16-segment

displays are in the top and bottom segments. Note that, in the 16-

segment display, the A and D segments are split in half as compared to

the l4-segment display. An example of the character set for a 14-segment

alphanumeric display is shown in Fig. 3-11. An example of a 16-segment
display is shown in Fig. 3-12. A typical placement of the decimal point
(DP) and the top half of the colon (CO) are also shown. A variation on
these displays involve skewing the lines and dots such that the top of the
character is to the right of the bottom character. See Fig. 3-13 for an

example of a skewed 16-segment display.

Q0000
00000
Q0000
00000
Q0000
eJolelele)
00000

R81-2049-0150

Fig. 3-8 5 x 7 Dot Matrix
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CHARACTER SET FOR CHERRY 14 SEGMENT ALPHANUMERIC DISPLAY SYSTEM
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HALOEF Ol o e MO F W
A 8 c o) € F G ] ] J X L M N (=] | 4 Q
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R81-2049-0300

CHARACTER SET
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All Other Input Codes Display ‘‘Blank’’

R81-2049-0310
Fig. 3-12 16-Line Segment Font
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7\

R81-2049-017D

Fig. 3-13 Skewed 16-Segment Display

3.10 MEMORY
The 8751 microprocessor contains 4K bytes of PROM (4096 x 8 bits) for use
as a program memory and 128 bytes of RAM (128 x 8 bits) to use for temporary

storage.

A 2716-EPROM contains 2048 bytes (2048 x 8 bits) and will be use_d to store
constants and limits. As the program sequences through the multiplexer, data from
the sensors are sent to the microprocessor. These data are then compared to stored
constants or limits for that sensor. The memory chip is a plug-in device and is
different for various aircraft types (F-14, A-6, E-2, etc). One device is used for
each system.

The 2764 EPROM contains 8192 bytes (8192 x 8 bits) and will be used to store
failure messages for use in the display mode. Each message will consist of three
32-character sentences with enough information to identify the problem and the fix.
For instance, a typical message can be:

*HYDRAULIC FILTER 47 CLOGGED*

*FILTER IN ENGINE COMPARTMENT*

*REPLACE WITH PART # CC-07634*

Using 96 eight-bit characters, one 2764 EPROM can store 85 messages. Using two of
these devices allows 170 unique communications to be used per aircraft. These

memory chips are plug-in devices and are unique to each aircraft type.
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The X2201-30 NOVRAM is a 1024 x 1 bit nonvolatile RAM. Each of its 1024

positions can be used to store the fact that an error has or has not occurred. While
the aircraft is in flight, one piece of data is inputted to the microprocessor and
compared to a known value; if a failure is indicated, a "1" is stored in that bit
position of the NOVRAM (a "0" is stored if there is no failure). When the HUDPS is
being interrogated on the ground, the NOVRAM positions are sampled for a failure.
Each of these positions has a unique error message associated with it (see 2764

above). One NOVRAM is required per aircraft and is permanently mounted.

Avoiding the use of batteries as a backup power source for solid-state
read-write memories leads to using such devices as bubble memories or electrically
eraseable /programmable read-only memories.

Bubble memories utilize magnetic bubble technology and require many

additional IC components to control and load data into the bubble memory device.
As of this writing Rockwell, TI, and National Semiconductor have dropped out of the
bubble memory field, leaving Intel as the only American manufacturer. Intel's device
can store one megabit by sequential access data in a 20-pin package that is 1.7 in.
square by 0.43 in. thick. Maximum temperature range is 0°C to 70°C, with a
complete system requiring +5 V and +12 V and approximately 32 W per } megabyte.
The system is currently quite expensive (about $10,000).

Electrically eraseable read-only memories come in many acronyms from various

manufacturers. These include EEPROM, EAROM, WAROM, and NOVRAM:

e Electrically Eraseable Programmable Read-Only Memory. Manufacturers

include Hughes, Intel, and Motorola

e Electrically Alterable Read-Only Memory. Manufacturers include General

Instrument and NCR 4

e Word Alterable Read-Only Memory. Manufactured by NCR

e Nonvolatile Random-Access Memory. Manufactured by Xicor.
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Electrically eraseable PROMs can be erased and written into without removing
them from the electronic circuit. They have a data retention lifetime with no power
applied of approximately 10 years, but it takes approximately 10 msec to erase and
about the same time to write new data into any one position. Once the unit is
loaded with data, the access time of any location is less than 1 ysec. The EEPROM,
EAROM, and WAROM can be erased at individual address positions or bulk-erased.
Data is entered one address location at a time; this can be very time-consuming.

The NOVRAM is a novel device that contains both an EEPROM and a static
RAM (a read/write memory) on one substrate. Nonvolatile data can be stored in the
EEPROM and, at the same time, independent data can be accessed in the RAM. At
any time, data can be transferred back and forth between the RAM and EEPROM with
store and array recall signals. The NOVRAM uses a single 5-V supply for any
function; regular EEPROMS require a high voltage (17 to 25 V) for writing and
erasing. The RAM has typical read and write times of 300 nanosec. The store cycle
to bulk transfer data from RAM to EEPROM is 10 msec max. The array recall time to
transfer data from EEPROM to RAM is 1 msec. Price is in the $20 range.

This is a new single-source device, but is recommended for achieving a
nonvolatile memory.

3.11 POWER REQUIREMENTS

The display circuitry requires about 3 A at 5 V, while flight circuitry requires
750 MA at 5V.

To conserve power while in flight, a DC-to-DC converter having an efficiency
of about 75% will be used. This will mean that the unit will dissipate approximately
5 W in flight. On the ground, it is recommended that a laboratory 5-V, 5A power
supply cable be plugged into the unit.

The current drains versus the Integrated Circuits are shown in Table 3-3.
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TABLE 3-3 CURRENTS VERSUS PARTS

CURRENT (mA) TOTAL CURRENT (mA)
IC (DISPLAY) Qry PER DEVICE FLIGHT ONLY GROUND ONLY

8751 1 150 150 150
2764 2 55 - 110
2708 1 150 150 -
2201-30 1 55 58 58
ADC0816 7 3 21 -
LS181 16 10 160 -
LS251 2 10 20 -
L5138 2 10 20 -
55114 3 50 150 -
MisC 24 185
DISPLAY 1 2500 - 2500
TOTAL 750 3000

R81-2049-0180

3.12 ELECTRICAL PARTS LIST

Table 3-4 itemizes a typical electrical parts list.

A description of special components used in the HUDPS with copies of the
manufacturers data sheets follows. The devices are:

¢ 8751: Single-Chip 8-Bit Microcomputer

e HDSP: 5x7 Dot Matrix Alphanumeric Display System

e ADCO0816: Single Chip Data Acquisition System
e 2764, 2716: Ultraviolet Erasable Programmable Read-only Memories

e X2201-30: 1024x1 Nonvolatile Static RAM

e ADS37: Voltage-to-Frequency Converter

e 54LS151: Data Selector/Multiplexer

e 54LS251: Tri-state Output Data Selector /Multiplexer.

3.12.1 8751: Single-Chip 8-Bit Microcomputer:

This single-chip, 40-pin, single-voltage microcomputer manufactured by Intel
u contains features found in many multichip computer systems. The mathematical
instructions of multiply and divide save hundreds of program steps and therefore

i‘r‘- debugging, while the subtract and compare instructions which are so necessary but

not available on most microcomputers are also preprogrammed.
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TABLE 3-4 ELECTRICAL PARTS LIST

aTty PART NO. DESCRIPTION NO. OF PINS
INTEGRATED CIRCUITS
1 8751 MICROPROCESSOR 40
2 2764 EPROM 28
] 2716 EPROM 24 E
1 2201-30 NOVRAM 18 :
7 ADCO0816 8-BIT TRI.STATE QUTPUT A/D 40
CONVERTER WITH 16 INPUT
MULTIPLEXER
16 LS151 8-INPUT MULT!IPLEXER 16
2 LS251 TRI-STATE 8-INPUT MULTIPLEXER 16
2 LS138 3 TO 8 DECORDER 16
3 LS311 TRIPLE 3 INPUT “AND" 14
3 55114 DUAL DIFFERENTIAL LINE DRIVERS 16
2 55470 DUAL DRIVERS 14
6 MISC TTL GATES 14
1 LM140 5 VOC REGULATOR TG 3 METAL CAN
DISPLAY CIRCUITS
1 HOSP2432 32-CHARACTER HD ALPHANUMERIC 6.4 x 2.3 IN. PC BOARD
DISPLAY, HEWLETT PACKARD
1 HOSP2471 DISPLAY INTERFACE INCORPORATING 6.4 x 2.3 IN. PC BOARD
128-CHARACTER ASCII DECODER,
HEWLETT PACKARD
PRINTED CIRCUIT BOARDS AND PC BOARD CONNECTORS
6 6.5 x5 IN.
6 GC3258U: 66-PIN BOARD CONNECTOR
6 GC825BN: 66-PIN MATE
BULKHEAD CONNECTORS
1 12-PiN QUTPUT
2 3-PIN POWER
2 100-PIN INPUT
MISC ELECTRICAL COMPONENTS
50 0.1 mF 100-VOLT CAPACITORS
6 15 mF 18-VOLT CAPACITORS
1 28 VDC INPUT LINE FILTER
1 40-W RESISTOR
250 1/8-W 5% RESISTORS
1 12 MHz CRYSTAL
CHASSIS
l 7 IN. WIDE x § IN. HIGH x 8 IN. DEEP
R81-2049-0190

Additional features include four 8-bit ports for 32 I/O lines, two 16-bit timer/
event counters, and external program memory expandable to 64K bytes. With a
12-MHz crystal, 58% of the instructions are executed in 1 usec, 40% are executed in a
2 usec, and multiply and divide require 4 usec each.

Fig. 3-14 is a copy of the data sheet for the 8751 family of devices. The 8751

has a user programmable and ultraviolet erasable PROM.
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8051 Architectural Specification and Functional Descripticn PRELIMINARY

8031/8051/8751
SINGLE-COMPONENT 8-BIT MICROCOMPUTER

® 8031 - Controil Oriented CPU With RAM and 1/0

® 8051 - An 8031 With Factory Mask- Programmabie ROM

® 8751 - An 8031 With User Programmable/Erasabie EPROM

® 4K x 8 ROM/EPROM ® External Memory Expandable to 128K
® 128 x 8 RAM 8 MCS-48™ Architecture Enhanced with:
® Four 8-Bit Ports, 32 1/0 Lines * Non-Paged Jumps

® Two 16-Bit Timer/Event Counters ¢ Direct Addressing
u High-Performance Full-Duplex Serial * Four 8-Register Banks
Channel ¢ Stack Depth Up to 128-Bytes
8 Boolean Processor * Multiply, Divide, Subtract, Compare
& Compatible with MCS-80™/MCS-85™ & Most Instructions Execute in 1us
Peripherais 8 4us Muitiply and Divide

The Intel® 8031/8051/8751 is a stand-alone. high-performance single-chip computer fabncated with Intel’s highly-rehable
*$ Voit, depietion-load. N-Channel, silicon-gate HMQS technology and packaged in a 40-pin DIP. it prowvides the
hardware features. architectural enhancements and new insiructions that are necessary to make 1t a powerful and cost
etfective controiler for applications requinng up to 64K bytes of program memory and/or up to 64K bytes of data storage.

The 3051. 8751 contains a non-volaule 4K x 8 read only program memory: a volanie 128 x 8 read: wnte data memory:
32 1:O lines: two 16-bit mer;counters: a five-source, two-prionty-ievel. nested 1nterrupt structure: a senai 1/O port for
eiher muiti-pre ©C 110 exp or full dupiex UART: and on<chp oscillator and clock circuits.
The 8031 1s 1denucal. except that it lacks the program memory. For sysiems that require extra capability, the 8051 can
be expanded using standard TTL compatible memones and the byte onented MCS-80 and MCS-85 penpherais.

The 8051 microcomputer, like its 8048 predecessor. is efficient both as a controiler and as an anthmetic processor. The
8051 has extensive facilities for binary and BCD anthmeuc and cxcels in bit-handling capabilities. Efficient use of program
memory resuits from an instruction set consisting of 44% one-byte, 41% two-byte. and 15% three-byte instructions. With
a 12 MHz crystal. 58% of the instructions execute in lus, 40% 1n 2us and multiply and divide require only 4us. Among
the many instructions added to the standard 8048 instruction set are muitply, divide, subtract and compare.
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Fig. 3-14 Intel 8751 Data Shest
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3.12.2 HDSP: 5 x 7 Dot Matrix Alphanumeric Display System

A two-board system made by Hewlett-Packard has been studied as a possible
smart display. The units chosen were the HDSP-2432 (a single-line, 32-character
LED display panel) and the HDSP-2471 (display interface which incorporates a
128-character ASCII decoder). A copy of the data sheet is provided in Fig. 3-15.

The alphanumeric display controller consists of a preprogrammed microprocessor

plus associated logic to provide decode, memory, and drive signals to interface the

display panel to the user's system.

3.12.3 ADCO0816: Single-Chip Data Acquisition System

This single 40-pin chip manufactured by National Semiconductor contains a
16-channel analog multiplexer controlled by a 4-bit address, an 8-bit analog-to-
digital (A/D) converter with a conversion time of 100 usec, and an 8-bit tri-state

output latch buffer that allows the digital outputs to be tied to the microprocessor

data bus under control of the microprocessor. i
The 16~channel multiplexer allows seven integrated circuits to control 112

analog inputs using one 8-bit port from the microprocessor. Four bits select one

of the 16 inputs on each unit, one bit is used to start the A/D conversion, and

three bits select which of the seven chips (or none) is to be tied to the data bus.
A copy of a data sheet is given in Fig. 3-16 and includes a list of some additional

features of the device, such as a single 5-V supply and a low-power (15 mW) re-

quirement. The ADCO0816CD is a ceramic device that has an operating temperature

range of -55°C to +125°C. @
3.12.4 2764: 8K x 8 Ultraviolet Erasable PROM t
The 2764 is a 5-V only, 65,536-bit ultraviolet erasable programmable read-only i

memory (EPROM) in a single 28-pin integrated circuit. It is a nonvolatile memory that
can be used to store the microprocessor program memory and the stored message for

each input signal. This device can store 8192 8-bit characters which can be broken
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[} Fadkaro

HOSP - 2416

5 X 7 DOT MATRIX | a4

HOSP - 2432

ALPHANUMERIC  tosp-2040

HOSP - 24170

DISPLAY SYSTEM' wos- a1

HOSP - 2472

TECHNICAL DATA MARCH 1580

Features

o COMPLETE ALPHANUMERIC DISPLAY SYSTEM

UTILIZING THE HDSP-2000 DISPLAY

e CHOICE OF 64, 128, OR USER DEFINED ASCHI

CHARACTER SET

e CHOICE OF 18, 24, 32, or 40 ELEMENT

DISPLAY PANEL

o MULTIPLE DATA ENTRY FORMATS —
Left, Right, RAM, or Block Entry

EDITING FEATURES THAT INCLUDE CURSOR,
BACKSPACE, FORWARDSPACE, INSERT,
DELETE, AND CLEAR

e DATA QUTPUT CAPABILITY
SINGLE 5.0 VOLT POWER SUPPLY
o TTL COMPATIBLE

o EASILY INTERFACED TO A KEYBOARO OR
A MICROPROCESSOR

Description

The HDSP-24XX senes of aiphanumenc 1!

PART NUMBER DESCRIPTION

Display Boards

provides the user with 2 completsly supported 5 : 7 dot
matnx dispiay panei. These products free the user's
system from display maintenance and mimmize the
interaction normaily required for alphanumenc displays.
Each alphanumeric display system 13 composed of two
component parts:

1. An aiphanumernc gisplay controiler which consists of a
preprogrammed micropr plus d logic.
which proviges decode. memory. and drive signais
necessary {0 properly intertace a user's system o an
HOSP-2000 display. In addition to these basic display
support operations, the controller accepts data in any
of four data entry tormats and incorporates several
powerful editing routines.

2. A dispiay panel which consists of HOSP-2000 displays
matched for luminous intensity and mountedona P C.
bosrd designed 10 have low thermal resistance.

These alphanu 1 y sy are attractive for
spplications such as dau entry terminals, instrumen-
tation, slecironic typewriters, and other products which
requIre an essy t0 use 5 x 7 dot matnx aiphanumenc
dispiay system

HOSP-24168 Single-ing 18 chamacter dupiay panel
utikang the HOSP-2000 crsplay

HOSP-2424 Single-ine 24 character dispiay panel
wtliang the HOSP-2000 display

HOSP-2432 Single-ine 32 character dispiay panel
utliang the HOSP-2000 display

HOSP-2440 Single-ing 40 charscter dispiay penel
utliang the HDSP-2000 display

Controiler S8oards

HOSP-2470 HDSP-2000 display interface inCoOrporatng
a 64 character ASC!! decoder

HOSP-2471 HDSP-2000 display interface ncorporasng
a 128 charscter ASCII decoder

HOSP-2472 HOSP-2000 display interface without
ASCHl decoder. Instsad, a 24 pin socket
is prowded 0 acceot a custom 128 char-
acter set from a user programmed 1K x 8
PROM.

Wwhen ordenng, specity one each of the Controller 8oard andthe

Oispiay 8oara tor each comgiete system

R81.2049-0210

Fig. 3-15 Hewlett-Packard 5 x 7 Dot Display System
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Analog-to-Digitat Converters’

ADC0816, ADCO817 Single Chip Data Acquisition System

General Description

The ADCOS16, ADCDB17 (MMT74CH48) dats asqusition
camponants sre manolithic CMOS devices with an Sbit

snalog -digitl corwerwe, 3 18-channel multipiaxer snd *

micropracessor compatibie contral logic. The 8-0it A/D
CONVArtr UIES RICCENIVG ADEFORIMETON & The Comvernion
tchniqug, The convertr festures & high wmosdance
i stabnlized stor, & 258R voitage divider
with mnaiog swtch tree and o wor i
registar. The 18-channel multiplexer can directly stcem
sy one of 18 singe-ended enaiog 1gnals and provides
the logee for sdditionsl channel expanson. Signal condi-
tioning of sny analog :nput ugnal s smed Dy direct
accems to the input of the &hit A/O convertar.

The device sliminatss the need for extemal 2ero and
full-icsle adjustnents and festured an sbiloluts aTuracy
< 1 LS8 induding quantiling error. Essy interfacing 0
MICroProcesoss is provided by the laxched and decoded
sddress inguts and latched TTL TRI-STATE® cutbun,

The design of the ADCDS18, ADCDSI7 hes been
optimized by incorporsting the mast deurable apects of
wversd A/D comwersion tchniques. The AQCQS1S,
ADCO817 offers high speed, high accuracy, mimmal
ampersture dependencs, excallent long termy aocuray

and repestability, and consumes minimal power. Thess
fastures make this device idaally witd @

uch e proces control, industrisl cantrol, and mé
control. For sumiley performance exost OLhanned
muitipioter in o 25oin osokegs, s ADCOSOB dewe
sheet.

Features

Total unadiusted error < 21/2 LS8
LUineanty error < £1/2 LS8

NG miming codes

Gowantsed monowmicity-

No offest adiust reguired”

No scale adiust required
Conversion twne of 1008

Easy mcroprocemor intsrface
Lached TRISTATE output
Caxched adiiress input

Ratiometrc conversion

Single 5V mpoly

Low power conwumpoon—15 mW
Full military tempersture rangs sailable

Block Diagram
IT' ass
L ]
fe=-=- -—1
"
E : canreny s reme e
— ; '
. \ 1} |
e ]
» AR 00 WDUTY =4 = .-"‘n a l
b |
— | caaren . B
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% ANTeE taes
]

§
1
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!

R81.2049-0270

Fig. 3-16 Singie Chip Data Acquisition System
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up into 85 messages, each 96 characters long. A copy of the data sheet is enclosed
(Fig. 3-17).

3.12.5 2708, 2716, 2732: Ultraviolet EPROM ;.

o

The 2708, 2716, and 2732 EPROMs are smaller (and cheaper) memory size
devices that have 8192, 16384, and 32768~bit capacities, respectively. These smaller

devices can be used to keep track of constants and to expand on tne 2764 above.

3.12.6 X2201-30: 1024 x 1 Nonvolatile Static RAM

This 18-pin, single-voltage memory chip manufactured by Xicor contains two 1K
memories mounted in a single integrated circuit. One memory is a 1K static RAM
which is overlaid bit-for-bit with a 1K Electrically Erasable PROM (EEPROM). Data
can be written into or read out of the RAM at speeds of 300 nanosec. Upon a command
to store, data from the RAM are written into the EEPROM (required time of 10 msec).

Data will remain unchanged in the EEPROM with or without power supplied
until the next store command. Upon power-up or an array recall command, data in
the EEPROM are copied back into the RAM nondestructively. The data are now in
RAM and EEPROM.

Fig. 3-18 is a copy of the data sheet.

3.12.7 ADS537: Voltage-to-Frequency Converter

This single 14-pin monolithic integrated circuit manufactured by Analog
Devices converts input analog signals to a constant-amplitude frequency which is
linearly dependent on the input voltage according to the equation

= —
~ 10RC’

F
Where R and C are external components; R is determined by the maximum input
full scale voltage and C by the maximum desired output frequency.
The ADS537 is linearly dependent on temperature and can be used directly as a

temperature transducer scaled for Fahrenheit or Centigrade by selection of the

external resistor and capacitor.

Y P

&
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intel PRELIMINARY

2764
(8K x 8) UV ERASABLE PROM

8 200 ns (2764-2) Maximum Access a Pin Compatible to 2732A EPROM
Time ... HMOS"-E Technology
® Industry Standard Pinout. .. JEDEC
® Compatibie to High Speed 8mHz Approved
8086-2 MPU ... Zero WAIT State
8 Low Active Current...100mA Max.

& Two Line Control

The Intel® 2764 13 a 5V only, 65.536-bit ultravioiet erasable and electncaily programmable read-only memory (EPROM). The
standard 2764 access time i3 250ns with speed seiection avaiabie at 200ns. The ume 18 bie to high
pertormance microprocessors, such as intel’'s 8miz 8086-2. In these sy the 2764 all the mMicropre to operate
without the addition of WAIT states.

An important 2764 testure i3 the separate output control, Qutput Enable (OE) tram the Chip Enabie control {CE). The OE
controi eli bus " muitiple bus Micropro Y intel's App! » Note AP-72 gescnbes the
microor Y pi of the OE and CE controls on intel's EPROMS. AP-72 is avaiable from Intei's
Literature Department.

The 2764 has a standby mode which reduces the power dissiDation without increasing access ime The active current s 100mA,
while the standby current 1s only 50mA. The standby mode s achieved by applying a TTL-hign signal to the CE input

The 2764 13 fabncated with HMOS*-E technoiogy. Intel's high-speed N-channel MOS Silicon Gate Technology.

2764
BLOCK DIAGRAM 27324 PIN CONFIGURATION
vee DATA QUTPUTSE PIN CONFIGURATION
— 09-07
ChO o
o O—— ‘e o’ : poee

SY =g OUTPUT ENABLE
CruP EraBLE

'ﬁa — “? QUIPUT WFFLRS

: vGavING
85 30007
CELL MATRRX
—
N ] For 0w compatulunty are
Dgrasauty trom W ITA aret
MOQOE SELECTIONA AOMS 0rowae & Yo © pin 28
Png | TE| O | 0 [ wo | % Oupuss
MO0 20) | (2D an [L)) {2 (1913, 15-19)
Ress v ™ 7 B PIN NAMES
m Vi [ 2 Vg 1 Vx Mgn2 AA; | ADORESSES
Program Va x A Voo Veg Ow CE CHIP ENABLE
Program Venty Vo | Vo Ve Voo Vee Qo o€ QUTPUT ENABLE
Program infabet Ve ] z Voo Vec igh 2 0, | OUTPUTS
2 CON DO eher V, oF Vi h%; PROGRAM
NC. NO CONNECT

*HMOS 13 a patented process of intel Corporation.

e C No 197 the Use o Any Carcunry Other Than Cucuiry EmBOG® i 80 intes Progect Mo Other Cicuil Patent Liconses are impued
“WTEL CORPORATION. 1980 Ovesmosr 1900
AFN-018478

R81-2049-0230

Fig. 3-17 Single Chip Data Acquisition System
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GOk
1024 x 1 Bit Nonvolatile Static RAM
Array Recall Feature

X2201-30

» NONVOLATILE STATIC RAM: The X2201 contains 2K bits of memorv organized as a con-
venunonal K static RAM overlaid bit-for-bit with a nonvolaule 1K Electricaily Erasable PROM (E:PROM1
Nonvolatle daca can be stored in the E*PROM and at the same nme :ndependent data can be accessed
in the RAM memorv. At any ume, data can be transterred back-and-forth between the RAM and E°PROM
by simple store and array recail signais.

5V ONLY: High-voltage pulses or supplies are never required. A single 3V supplv 1s the only power
source ever required for any funcuon.

EASE-OF-USE: Unprecedented simplicity, all inputs and outpurs are directly TTL compaubie Fuilv
static uming. Three-state output. 18-pin package.

PERFORMANCE: RAM cycle ume 1s less than 300 ns. Duning the hifetime of the device. daca can be
recailed from the EZPROM an unlimited number of imes.

POWER-FAILURE PROTECTION: One simple TTL signal saves the entire RAM database. A snap-
shot nonvolatle copy of all RAM dara is internally stored safe without power and can be recalled to the
RAM when power returns. No battery backup required.

Xicor's X2201 1s fabnicated with reliable n-channel floaung gate MOS technology. For svstems where
RAM nonvolaniity or in-the-circuit ROM changes by TTL signais are important. the Xicor X2201
featunng array recall 1s the (deal choice.

P
CONFIGURATION
8 PIN DIP .300" PIN NAMES FUNCTIONAL DIAGRAM
As—As ADDRESS INPUTS
Din DATA INPUT
Oour DATA OUT EPROM
wE WRITE ENABLE Mamary /
foi] CHIP SELECT Arvey d
ARNAY RECALL ARRAY RECALL ——
STORE STORE
vee e = = sTOnE
GND GROUND
TRUTH TABLE
INPUTS OUTPUT
WE Diwe ARRAYRECALL STORE! Dour MQDE
H X X X X | HoghZ | Nox Selecred 0000
Lt L H H_ | HighZ |Wne 0" RAM
L L H H H_| HehZ | Wrse I RAM !
L H_ X L H_ | HighZ | Arur Recall "
L H X H L | HghZ |Nonvolsule Sonngdt
L H X H H | Dour_|Resding RAM

NOTES: (1) Chup 1s deselected bur may be automancally compler- O=fe MUMBER

ng a store cycle.
08T snd STORE=L are required only 10 imtate the
more cycle. sfier which the sore cycle will be auto
mancaily complered (CS= X and =X). O XICOR 196 Pacents pending

Duta sheet ctfecuve Apni 1980 Revisann C

XICOR, INC., 1221 Innsbruck Drive, Sunnyvale, Californis 94086 Telephone: (408) 734-3041 TWX: 9103790033
R81-2049-0240D

Fig. 3-18 Non-volatile Static RAM Data Sheet
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The frequency signal is inputted to a counter for a unit time determined by
# the microprocessor to become a useable digital number.

Fig. 3-19 is a copy of the data sheet for the device.

3.12.8 54LS151: Data Selector /Multiplexer

This single-chip, 16-pin device accepts eight digital inputs and selects one of

L S Y

these as an output by decoding a 3~input data select from the MP. This device
operates from a single 5~V supply and has a typical power dissipation of 30 mW. A
copy of the data sheet is shown in Fig. 3-20.

3.12.9 54LS251: Tri-State Data Selector /Multiplexer

This single-chip, 16-pin device operates identically to the 34LS151 with the
exception that it can have a tri-state output, making it ideal for driving a data bus.
This unit operates from a single 5-V supply and has a typical power dissipation of

35 mW. A copy of the data sheet is shown in Fig. 3-21. !
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ANALOG Integrated Circuit
DEVICES Voltage to Frequenqy 'Converter

[ -

PRELIMINARY TECHNICAL DATA
FEATURES
Low Cost A-D Conversion
Versatile input Amplifier
Positive or Negative Voitage Modes
Negative Current Mode
High input impedance, Low Drift
Single Supply, 5 to 36 Volts
Linearity: 0.05%
Low Power: 1.2mA Quiescent Current
Fuil Scale Frequency up to 100kHz
1.00 Voit Reference
Thermometer OQutput (TmV/ K}
F-V Applications

PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS

The AXS37 1< a munoiithic V-F converter consisting of an in- I The ADS37 1s a complete V-F converter requinng oniy an
put amphtier, a precision osaillator svstem. an accurate inter external RC timing nerwork to set the desired full scale

nai reterence gencratar and a high current outpuc srage Onls frequency and a selectable puil-up resistor for the open-

1 single RO network s required externally to set up anv full collector output stage. Anv full-scaie input voitage range
scale (B S trequency up to 1OUKHe and any F S input vol- from 10UmV to 10 volts (or greater. depending on +Vg)can
(agC uD (0 P IOV Linearity crrue 15 s 0w as 20 US% for JOkH2 be accommodated by proper selection of uming resistor

F S and vperation s guaranteed aver an 3UdB dvnamic range. The fuil scaie frequency 1s then set by the iming capacitor
The converter perfurms verv weil even at verv low frequencies., from the simple refauonship, f = V/10RC

mamntaimng lineanty Jown fo U U01Hz: accuracy at this jevel

18 Limuted oniv by input offset voltage and current. The vverail
temperature cocthicient (excluding the effects of external com-
poncnts) s tvpieally 2 30ppms C The ADS37 vperates trom a
sngle suppiv of § to 36V and cunsumes only | 2mA quiescent

u

The power supply requirements are mummal, only 1.2mA
quiescent current 1s drawn from a single positive supply
from 4.5 to 36 voits. In this mode. positive inputs can vary
from U voits (ground) to {+Vg - 4) voits. Negatnve inputs car
casily be connected for below ground operation.

current
e . ‘o ) out led 1 VOMVI°K 3 F-V converters with exceilent characteristics are also easv to
- - 13 -
cmperature-proportional output. scaled to | m buiid by connecting the AD537 in a phase-lock loop, apph-
enabies the circuit to be used as a rehable temperature-to-
. cation particulars are shown on page 6.
(requency converter.in combination with the tixed reference
output of 1 GOV scajes down 10 0°C or 0°F can he gencrated 4 The versatile open-collecior NPN output stage can sink up
Ihe tow dnft {1RVIEC W " tv 20mA with a saturation voitage less than 0.4 voits. The
w Lty \ "y -
d4 < ‘; p it m“" ¥|p: |npu:‘ amplifier IJ s "p”"; " ) Logie Common terminal ¢an be connected to any level be-
3 H ! ] 5 " N
et V‘ rom sma s-gn_z s (e g thermuoge upics Of SITID Eayges iween gmund (or ‘VS) and 4 volts bE’OW .vs‘ ThIS I“OWS
while offering 2 tigh (239ME2) input resiseance Unlike most >
© o casv direct interface to any logic form with either positive
V-I converters, the ADS37 provides a sQuare-wave output. and :
. ) ur negative logic levels
<an dnive up to 12 TTL luads, LEDs. very lony cables. et
- 5 Every AD$37 15 subjected to long term stabihizauion bakes
The excellent temperature charactersstics and {ong-term stabil- : 2
- and temperature cvcled 10 nmes from -65 to +150°C prior
iy ot the ADS 37 are guaranteed by the primary band-pap .
e to tinal test ta nsure reliabdity and long-term stabihiry
reference penerator and the low 1 C siheon chromum thin
tilm resistors used throughout
the crecunt v availabie 2 hermencally scaled 14 pin DI
pacwage and 1 three grades the ADS37) and K for 0 te 70 €
aperation and the ADSITS speaified from -5 1o « 125°C
INOMaKON LININEG Dy Anslag Devicer o betevedt 16 be accurate Route 1 Industnial Park; P Q. Box 280; Norwood. Mass. 02062
wa renanie we no " by Anaing UDevios Tei: 617/3294700 TWX: 710/394-6577
100 113 ute NOf 10f Ny INENINGEMeNnt ol OAeNTY Or GINET ran1y Gf Thaert °
DOHES WICH MaY (ESUIT HOM 1S use NO 1CEME 4 aranten) by I West Coast Mid-West Texss
110n 01 ONErvLE UNdEr any DAENT 01 LAtENT 11 1S OF Angiog Deviess 213/595.1783 312/894-3300 214/231-5094

R81-2049-0260

Fig. 3-19 Voitage to Frequency Converter Data Sheet
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TYPES SN54150, SN54151A, SN54152A, SN54LS151, SN54LS152, SN54S151,
SN74150, SN74151A, SN74LS151, SN74S151
? DATA SELECTORS/MULTIPLEXERS

BULLETIN NO. OLS 7611819, DECEMAEN 1972-~-AEVISED OCTOSEN 1978

SNBSS . .. J OR WPACKAGE
SN74180...J OR N PACKAGE

Y0P VIEW)
o ‘150 Selects One-of-Sixtaen Deta Sources . et mvre oars meary
o  Others Seilect One-of-Eight Data Sources iniminsninicainininin
o Performs Parallel-to-Serial Conversion r i T
L4 P.mmnpbxmghomNLmﬂb ; ™ u.- =TT T
One Line ‘ .
e Also For Use as 8oclean Function {1 D
Generator ‘ .]. T T
e Input-Clamping Diodes Simplify System . R
Design R0 DN 0a0 a0 D NN 0Oa0]
e Fully Compatible with Most TTL and OTL — T T T A
Cifﬂliﬂ nre smvy
pENOVe iage:  Wwe funclion table
TYPICAL AVERAGE TYPCAL
TYPE PROPAGATION DELAY TIME  POWER SNBAISIA, SNESLSIST, SNSASIST . .. J OR W PACKAGE
OATA INPUT TOWOUTPUT DISSIPATION SN741S1A SH74LS161,SN74S181 ... J OR N PACKAGE
150 M 200 mW (TOP VIEW)
‘151A Sm 145 W E
‘1862A Ons 130 mW
‘LS1% 11 nat 30 mw
‘LS152 11 net b T
s18t aSns 28 mw

! Tenrwowe dewe

description

Thess monolithic data sslectony/muitiplexers contain
full on-chip binary decoding to ssiect the desired data
wurce. The '150 miects one-of-sixtesn dats sources; Domtive loge: 19@ function tabie
the “181A, “182A, 'LS151, 'LS152, and ‘S151 ssiect
one-of-eight deta sources. The '150, '151A, ‘L$151,

and "S187 have ¢ strobe input which must be at 3 iow SNSA162A, SNSALS1SZ . .. WPACKAGE
logic level to ensbie these devices. A high level st the (TP view
sTobs forom the W output high, and the Y cutut (as carsamyre aate mery
wpplicabie) low. v Y v

» sile o

3 The ‘1B1A, ‘LS181, and ‘S181 festure complemen-
] Wy W and Y cutputs whersss the "150, "152A, and
*LS152 have an invertsd (W) output onty, ’

The '181A end '152A incorporste sddress Duifers
which have symmetricsl propesgation delsy times
through the compiementary peths. This reduces the
pomibility of tarnsients coturring &t the cuthut(s)
due t0 changss made at the sslect inputs, even
when the ‘181A cutbuts sre enabled {i.e., strabe iow).

TEXAS INSTRUMENTS

INCONPORATED |
SOEY GPPEE BOW G348 + BAMAD. TERAS TeAE

R81-2049-028D

Fig. 3-20 Data Selector/Muitiplexer Data Sheet
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m TYPES SN54251, SN54LS251, SN543251
SN74251, SN74LS251 (TIM9905), SN745251
MsI OATA SELECTORS/MULTIPLEXERS WITH 3-STATE OUTPUTS

BULLITIN NO. DL-S 7611834, DECEMBEN 1972-AEVISED OCTOBEN 197¢
U

Three-State Varsions of *151, 'LS151, ‘S151
Three-State OQutpu:s Interface Directly with
Systemn Bus

Perform Parailel-to-Serial Conversion

Permit Muitiplexing from N-lines to One Line

Caompiementary Outputs Provide True and
Inverted Data

o Fully Compatible with Most TTL and DTL
Circuits

MAX NQ. TYPICAL AVG PROP  TYPICAL

TYPE  OF COMMON OELAY TIME POWER
oUTIUTS {010 Y! DISSIPATION

SNS4231 L] 17 m 250 mW

SN742%Y 129 1708 250 mw

SNS4LS281 49 17m IS mw

SN74L82951 129 17m 5 mw

SNSAETS 9 g 275 mw
SN748251 129 8ns 279 mw

description
These lithic dats &/ s

tull on-chip dinsey decoding to select one-of-eight
data sources and festurs 3 strobe-controlled three
suate output. The strobe must be at 2 low (0giC levet
to ensble thess dewicss. The three-tate outputs per-
mt a numbier of cutputs to be connected 10 & COM-
mon bus. When the strobe input is high, both outputs
e 1 3 high-1MpPedance state in which both the ugper
and lower transistors of ssch totem-poie output are
off, snd the output neither drives nor |cads the bus
sigmficantly. When the strobe is low, the outputs are
activated and operate as standard TTL totem-pole
outputs.

To minimize the possibility that two outputs wiil
amempt to take 8 common bus to opposite logic
lovels, the output control circuitry is designed so that
the ‘sverage output dissbie time is shorter than the
versge output ensbie time. The SNS42S1 snd
SN74251 have output clamp diodes to attenuate
reflactions on the s line,

SNBAZSY, SNBALSZEY, SNB4ESY ... J OR W PACKAGE
SN74Z81, SN74LS251, SNSASIS) ... J OR N PACKAGE
{TOP VIEW)
—t———

oave mmyrs sate muscy

Sate wwury Ty

poRtive iope: 8¢ function tabie

functional biock diagram

'i
|

= ||
|
- 1l ¢
< L
__J
NEI W o - |
P T B S S e—— |
FUNCTION TABLE
INPUTS oUTPUTS
SELECTY | sTmOsE

c s al s |*Y "
 § x X L] 2 z
[ L oo O3
[ L oy O
LMo L o2 ©o%
L H N L o3 B
Lo L os O8
LM L os o8
H W L 8 oe 08
WM \ n7 OF

4 © high logis ievas, L = tow iogis Rved
X = rvoiavant, T = high impasonse (o)
08, DY ... D7 = %o lovet of he repersive O input

TEXAS INSTRUMENTS
INCONPORATED

SUNT FVIEE SER S8 ¢ BAAMAS. TRAAS TREN

R81-2049-0290

Fig. 3-21 Tri-State Data Selector/Multiplexer

3-40




vy

NADC 82053-60

4 - CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS
This six-month study contract validated the concept that a Hydraulic Diagnostic

System (Display/processor) could be designed for universal application by any Navy

aircraft.

A rapid change in software would compensate for Hydraulics System differences

and variation in sensor requirements.

The display panel, driven by its own microprocessor circuit, is universal for all

intended vehicles.
A nonvolatile memory approach permits storage of flight sensor information even
after shutdown and without the use of batteries.

4.2 RECOMMENDATIONS

Based on the results of this study, the following recommendations are proposed.

e Continue with a design development study for the F-14A/A-6E vehicle

e Establish the common type of sensors required for each vehicle with their
respective limits and output parameters

e Manufacture three shipsets, systems for testing on the F-14 a hydraulic

simulator, A-6E flight test vehicle, and possibly the E-2C pending Navy

authorization.

Ceaded
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